CS410/510 Advanced Programming
Lecture 7:

Regular Expressions in Smalltalk

Just Like Haskell

data RE
= Enpty
| Union RE RE
| Coneat RE RE
| star RE
| € Char

instance Show RE where
show Enpty = "#
show (C =) = [x]
show (Union x y) = "{*+eshowll xe"s"seshoul yee' )

where shoull (Inion x y) = show xes"s"rashoull y
showll x = show x

show (Concat. x ¥) = show xesshow v
show (Stor (x@(Concat _ _))) = *("eeshon e "
show (star (xe{Unian (e SHOW K T
show (Star x) = show xes"%"
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Just Like Haskell Just Like Has
data RE data RE

= Enpty = Enpty

| Union RE RE | Union RE RE

| Concat RE RE | Concat RE RE

| Star RE | Star RE

| € Char | € Char

instance Show RE where

instance Show RE where
show Empty = "#" show Empty = "#"
shaw (€ = - [x] =B BBARECONCAR shaw (€ = - [x] =B BBARECONCAR —
shon Union x ) = *Csashoul xes” ekl ST ngmmx.m“ Ritoncat % privae s (Union x 3 = *¢sashonld o v BT hgmmx.m“ Ritoncat 2 rivere Hr
where shoull (Union x y) = show x++"+"+: Dand REEmpty printing where shoul (Union x y) = show x#+"+"+s Dang REEmpty printing
showl) % = show mmmwm Rrvmien showl) % = show mmmwm Rrvmien
show (Concat x ¥) = show x+eshow ¥ Dandelion-introspector | RegularExpression show (Concat x ¥) = show x+eshow ¥ Dandelion-introspector | RegularExpression
show (Star (x@(Concat _ _})) "++shoy | pendetion-en: show (Star (x@(Concat _ _)) “("++shoy | pendetion-en:
shaw (Star {ze{Union _ _)}) ++hou 3 Dendelion-sual v stral - shaw (Star (xa{Union "{"+eghou 3 Dendelion-sual v stral -
show (Star x) = show x++ ' show (Star x) = show x++ T etyeatie
e [ detiaensiyble U, | e |
el )(_vers ) imber )(_ bier mpt ) vers )(_imber )(_hier )( War ) oVer
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(X8 RB: RegularExpressionTests @0 (X8 RB: RegularExpressmnTesls @0
ConnectorsBasicbisire-ins| Eighar - =[5eip . ConnectorsBasicbisire-ins| Eighar - ST
35 kegularExpressi & | KEcomest Alres 5 Ereaciass i 35 kegularExpressi & | KEcomest Alres % tarearciass
Dandsion-sls Fupy [ir— g Dandsion-sls prire [ir— g
Dandslion-ov REUnion Dandslion-svent REUnion
Dandalion-imteospector | Regularbapression Dandalion-imteospector | Regularbapression
. Run tests
S Dendalion-introrpec-sire
Do hdlion-ane yas-sirat Do hdlion-ane yas-sirat -
Dandation-resolve-seater_|a - Dandslion-resalve-siane:_fuys -
peaceion-snaiyzevie QIS SRR T L J ] Dendelion-enalyzable | o | | 2. get message not
browse | senders | impl | vers | ipker  hier | iVer | oVer | source Srowss ) ssnders )(_impt )( vers ) QUBREEN( ter )( 1ver )( over Joured understood
setUy 9 setlp o
o super setUp. — .
'~ REzmpry, 3. define method
4. repeat from 1
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- 19. get real failure
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Write Tests

Write Tests

(X8 RB: RegularExpressmnTesls @0 (X8 RB: RegularExpressmnTesls @0
BT T ot - BT T - ot -
R | o e e G35 e kegularErpresss e = it
5 e LR e Derdelion-uls LR e
= i = i
e e e e
S S
- 5 - -
- - - -
browse | senders | impl | vers | ipker  hier | iVer | oVer | source browse | senders | impl | vers | ipker  hier | iVer | oVer | source
setUy 9 setUy !
B3=] TestBrowser-118: RegularExpressionTests o
C5510ap- BegularEipres 8] REBmpty S Aol -
= Rigmer Tests < arbass s
= B [t AT—— [t
» et rasston
e e
“Reguia® 5
all-tests | show/hide instance ? <lass v v
failure(s) errar(s) RUN(CATEGORY)
REERESH RegularExpressionTests»#testPr. & o
4 RUN(CLASS)
. . T | RUNGMETHOD)
Pail 5 run, 4 passes, 0 expected failures, 1 failures. O errors, 0
ClassTestCase subclass: *RegularExpressionTests [
tanceVariableNames: ‘a b ab abStar aORb epsilon” =
e
posiDictionacies -
Caisgory: CS510ag-RegularEapressions’
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(x[E Welcometo.. @) (x@ TestFailure: Assertion failed @0 .
®® ®0 s : | need an instar 1ce, not the class
Ry
(X&) SqueakMap Package Lo o8 o oot e e tormTet E
l m RegularExvressmnTes!s(TeﬂEase?»runcase {[self setUp. self performTest]}
Hlocktontocs
RegularExpressionTests(TestCase)»runCase
XIE RE {1in ReguiarixpressionTens(TertCase ndebug ([(elf clsss seloctor: tesSsloctor) runCasel) .
ConnestorsBesicbistroTn 8| REChar .
C5510ap-RegularExpressi &) RECONC! agt 4/21/2006 12:02 - initializerelease - 5 implementors - only in change set RegEx - B t th d b I t f
o | SEg eI b u ere nee e only one Instance o
peodelionsxceptions | Rister | T0e5 ) ( Revert )( tww J( over ) Throwgs )( roll Seer )( Whers
Dandslion-inteospector | Begalar 3 REEmpt
Fefiion|orPrinung B o
ety e acsests spallon prinSteing FREHB I
pramr e St assert & priniring - 5 &
D haelion-sasalve-sieace_|ma St assert b prinSiring » ’
e [ g N .
T St ey a0 e Enter: the Singlet tt
nter: the Singleton pattern.
= .
super setUp, self | REEmpr: #|thistontext " s i - il b d i
o s R F * make a class instance-variable called uniquelnstance
et
b P .
&
2 ot v 2 e * make a class-side method named default
abStar = REStar with: ab 1.
$Hitm
default
- i ifNil: [uni i= self basicNew].
weid .
+ ol + uniquelnstance
What's th blem? * override new to be an error
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What do we have so far?

Dandelion
Overview
Whole Index

Dandelion
All Classes AT Categories 1
All Categories |
T
T — Al Globals
All Classes
o REChur
« REConcat
+ REEmpty Ci
 REStr Display
« REUnion
N Imagelmports
i Processor
A ScheduledContralle
SeriptingSystem
A
~1op Sensor
- made by Dandelion Sutallialk
SourceFiles
SystenC
TestConstants
s Transcript

Convenience Operations

alpha = Union (¢ 'a')
(Union (€ '8') (€ 'e'))
digit = Union (C ‘A"
{Unian (: EDNCR-D))
key = Union (string "if"}
(linion (smng “then")
(string "else"))
punc = (€ ',')
ident = Concat alpha
(Star (Union alpha digit)}
nunber = Conoat. digit (Star digit)
lexer = Union ident {(Union number (Union key puncy)

® Write tests:

val ret = Coneat{Union (C '+ MUnion (C - JEmpty})

self assert: $a asRE printString =
¢Coneat (€ 'D')¢Star ¢C D '33)

String - RE 1) 1
ey self assert: (a + b) printString = 'a+b

c
string (cics) = Concat (G c) (string cs)

® Why compare printStrings?




Where do the operation methods go!?

® |n the abstract superclass RegularExpression

- so that they work for all the subclasses

Where do the operation methods go!?

® |n the abstract superclass RegularExpression

(x= TestBrowser-118: ReqularExpression 70
CE510ap-RegularExpres® | REEmpty &l all -- & star a
4| REStar 4| regEx operations &l -

. | REUnion
RegularExpression

a4 E RegularExpressionTests
v

*Regular®
all-stests | show/hide | instance ? class

fadlure(s) error(s)

REFRESH = RUN{CATEGORT)

RUN({CLAZS)

U ALL - . RUN(METHOD)
star =
+ REStar with: self. —

Refactor tests to remove duplication

testPrinting
self assert: epsilon printsAs: '#'.
self assert:a printsAs: 'a’.
self assert: b printsAs: 'b".
self assert:aORb printsAs: 'a+b'.
self assert: ab printsAs: 'ab'.
self assert: abStar printsAs: 'ab*".

assert: anExpression printsAs: aprintString
self assert: anExpression printString = aprintString

which brings us to...

DandelionOverview ﬂ
_ Whoklnex | Dandelion
All Classes
All Categories a0 All Categories |
1 |55 10ap-Regularkspressions |

All Classes Al Globals

« REChar ActiveEvent

« REConcat ActiveHand

« REEmpty R

« REStr

« REUnion Display

* ImageImports

. Processor

ontroller:
Mop SeriptingSystent
— Sensor
=made by Dandelion - Smalltalk
SourceFiles

——— SvstemC

meaning1: sets of strings

e Code very similar to Tim’s Haskell version

e Only tricky part is star

¢ Haskell version:

where zero = [""]
ohe = meaningl r
two = [x++y | X = one, y <- one]
three = [x++y | X <~ one, y = two]

PORTLAND STATE 13
UNIVERSITY

Smalltalk

REStar

followedByAny0Of:
followedBy Any0Of!

i ote; "~ | Complicated
yourself enough to need
a helper method
RegularExpression . Is there a
any?t: m;"t‘nll edByAnyOf: wr s|mp|el’ Way to
;fi?m":ff‘m*;eg; lir | result addi 2, £]. calculate * ?




Cross tests

Now RE’s pass the tests

Dandelion ﬂ
Overview § q
Bess  17run, 17 passes, O expected Failures, O failures, O errors| RO Dandelion
incrl Amai : —
self instanceVariatleValues select: [ each | each respondsTor #meaningl | thenDo: AllClasses All Categories |
[ ire | re meaningl do: [ :str | self assert (re meaning2: str) ] ] AllCategories * | |CSS10 i |
e All Globals
ActiveEvent
e ActiveHand
. . . * REConcat C
* introspect on the instance variables of the * Riipy
* REStr Display
* REU
test case .
Processor
.
. ‘ontrollers
» select those that respond to the meaning1 message S
. i . R | Sensor
* check that for every string str in re meaning1 Smallulk
Dandelion - SourceFiles
* re meaning2: str is true Systen
“TestConstants e
L T . 1
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Finite State Machi 'he code with NFSM
Dandelion
Overview Dandeli
FINITE AUTOMATA Whole Index EHRETD
AND REGULAR GRAMMARS All Classes -
e [ All Categories |
All Categories | |CS510ap-RegularExpressions |
34 THE FINITE AUTOMATON — Y- Al Globals
In Chapter 2, we were i duced to a it h the grammar. All Classes ActiveEvent
Gi are finite i i for 1 In this chapter we shall ActiveHand
see another method of finitely specifying infinite languages—the recognizer. : ngtz:ﬁsc( —
We shall consider what is undoubtedly the simplest recognizer, called a finite T CustomEventsRegistry
automaton. The finite automaton (fa) cannot define all languages defined « NFSMTests Display
by grammars, but we shall show that the languages defined are exactly s REChar
the type 3 languages. In later chapters, the reader will be introduced to o REConcut Processar
recognizers for type 0, 1, and 2 languages. Here we shall define a finite auto- * REEmpty -
maton as a formal system, then give the physical meaning of the definition. . &EZ‘” ScheduledCunallers
A finite automaton M over an alphabet £ is a system (K, X, 8, ¢, F), : KeA0nTon il
where_ K is a finite, r}onempty s‘et of;mtes, X is a finite input alphabet, 8 is a RegularExpressi Sensor
mapping of K x X into K, g, in K is the initial state, and F < K is the set - 3
malltalk
of final states. -
Our model in Fig. 3.1 represents a finite control which reads symbols . Sourecliles
from a linear input tape in a sequential manner from left to right. The set of 2op
states K consists of the states of the finite control. Initially, the finite control —
is in state g, and is scanning the leftmost symbol of a string of symbols in —made by Dandetion
which anpear on the inout tave. The interoretation of (. = o. for a E Transcrpt ¢
—— Undeclared +
18
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